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Abstract. According to the guidelinesfor alow and intermediate level radwaste repository site selection in Slovenia,
the siting process has been divided into four steps. The first three steps of the surface site selection were completed
in 1993. A set of the most exclusionary geological criteriato be applied in selecting the surface site is described.
Some reasons for the failure of this process are also described. Since the fourth step was stopped due to strong pub-
lic opposition, an alternative of underground disposal is now being considered. In 1994, the Agency for Radwaste
Management started the preparation of basic guidelines for underground repository site selection. Joint recommen-
dations, that consider both surface and underground site selection parameters, are now being developed in the

Slovenian Nuclear Safety Administration.

20.1 INTRODUCTION

The guidelines for the selection of alow and intermedi-
ate level radwaste (LILW) disposal site were setup in
1991. The guidelines that were announced included
rules according to which, under the given urban and
social conditions, the most suitable site for the shallow
ground disposal of LILWin Sloveniawould be selected.
Both the existing world-wide experience and the nation-
al regulatory conditionsin Sloveniawere considered in
creating these guidelines.

In selecting disposal sites, it was necessary to have a
detailed knowledge of the process of migration of cont-
aminants into the biosphere. Sloveniahas avery sophis-
ticated geological and tectonic setting dominated by
various combinations of geological structural elements
such as: faults of different type and age, overthrusts,
folds, naps and lateral transformations of different litho-
logic units. In most cases, it was very difficult to deter-
mine the migration of radionuclides in underground
water. Thick layers of impermeable rocks are the only
reliable natural barrier in such geological and hydroge-
ological conditions.

However, the requirements given by the guidelines are
that a shallow disposal siteisto have rocks of low per-
meability in the basement, and a distance to the under-
ground water table that is as large as possible. Siteswith
these geological conditions, such as saturated clay

marls, were the only ones selected as being acceptable.
These rocks, regardless of fracturing in neighboring lay-
ers, provide a sufficient natural barrier to prevent migra-
tion of radionuclides.

20.2 SITE SELECTION PrROCESS FOR LILW

The procedure used in selecting disposal sites was
divided into three steps containing 43 criteria. Inafinal
fourth step, the technical confirmation was based on a
detailed field examination of the geology, hydrogeol o-
gy, and seismology of the site. Each step was terminat-
ed by a presentation to the public of the results.

In thefirst step, unsuitable areas were excluded by tak-
ing into consideration certain exclusion criteria, such as:
national parks, urban zones, ground water resources,
presence and location of active faults, geothermal areas,
flood areas, presence of ores, minerals, oil, gas,
hydraulic conductivity, soil composition, thickness and
extent of geologic units.

In the second step, the remaining acceptable areas were
evaluated according to land use, water resources, seis-
mic and geological criteria, so they could be further
reduced to so called potential sites.

In the third step, several of the most suitable of the
potential sites were chosen by comparing their locations
on the basis of the following criteria: population, eco-
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nomic feasibility, transport, ecological value, and public
acceptance.

In the final fourth step, a comprehensive analysis of the
most suitable sites from the third step was carried out by
applying the criteria of the previous steps and addition-
al criteria concerning the corrosion of waste containers
(biological processes, chemical properties of the soil
and groundwater), and then adetailed field investigation
was carried out to confirm the suitability of the sites.
The results of the fourth step produced one or two of the
most suitable sites that were considered to be technical-
ly confirmed. A schematic diagram of this processis
shown in Figure 20.1

20.2.1 Step Oneof Site Selection

In carrying out Step One, a series of overlaying maps
were used which contained areas that are defined by
seven exclusionary criteria as described in Table 20.1.
This process eliminated the unsuitable areas of the
Republic of Sloveniafrom further consideration.

After considering the exclusionary criteria of the first
step, the acceptable areas for an LILW repository sitein
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Figure 20.1. Schematic diagram of the site selection
process for LILW in Republic of Slovenia.

Table 20.1. Exclusionary criteria of Step One.

Exclusion Criteria

Explanation

National Parks

Urban Zones and Settlements
Drinking Water Resources-Aquifers
Known Active Geological Faults,
Geothermal Areas and Seismicity
Flood Areas

Presence of Ores, Minerals, Oil and Gas

Geological and Lithological Soil Composition

The areas defined as national parks are excluded.

Excluded are all areas defined as settlements with more than
5000 inhabitants.

Excluded are al areas defined as drinking water resources.

Excluded are all areas located on a known active fault at a
distance up to 3 km and the areas where the expected earth-
guake acceleration exceeds 0.3 g.

Excluded are areas which are located in an area of 500 year
floods.

Excluded are areas with proven resources of ores, mineral,
oil and gas.

Excluded are the areas where surface homogeneity of layers
is smaller than 300x300 m and the quotient between the
thickness and hydraulic conductivity of layersis smaller
than 5 x 10° s. Excluded are lithological layers having a
hydraulic conductivity greater than 1 x 108 ms! and a
thickness of layers smaller than 20 m.

198



Sloveniawere identified. The potentially acceptable
areas were those that had not been excluded according
to any criterion of Step One. All of these areas were
considered to be equivalent, i.e., the acceptable areas
had not been assessed and evaluated. Figure 20.2 shows
the locations of the acceptable areas after the application
of thefirst step.

20.2.2 Step Two of Site Selection

In carrying out Step Two, the preference criteria were
divided into four groups: geological, seismic, land use,
and potential water management. These criteriawere
then applied to the acceptable areas selected in the first

step.

The following geological preference criteria were
applied:

» Presence of groundwater;

» Site seismicity;

* Presence and vicinity of active faults;

» Exploitation of ores/minerals, oil and gas;
» Areal extent of host rock;

* Thickness of rock mass;

+ Soil instability;

 Erodibility;
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* Rock composition and hydraulic conductivity;
* Angle of slopes; and
» Radionuclide paths to the biosphere.

The result was the selection of 36 potential sites occu-
pying atotal area of approximately nine km?.

The examination of the potential |ocations was per-
formed at the end of the theoretical studiesto verify the
procedure, and to determine discrepenciesin the results
obtained. This examination resulted in an expert con-
clusion that: (a) five locations are not suitable for the
construction of arepository, and (b) another five loca-
tions are only suitable for atunnel type repository and
not for a surface type as previously envisioned. One
potential site, suitable for both types of repository, was
also identified and considered in further analysis.

The results of the second step of surface repository site
selection were reviewed by a group of experts that con-
firmed the accordance of the procedure with the guide-
lines.

20.2.3 Step Threeof Site Selection.

In the the third step, five candidate sites were selected
among 36 potential sites from the second step. The

acceptable areas
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Figure 20.2. A generalized geological map of Sloveniawith acceptable areas after the application of Step One.
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method of assessment was based on the repeated use of
the criteria from the first two steps. In addition, prefer-
ence criteria concerned with economic and technical
feasibility, transport, and social acceptability were con-
sidered aswell.

One of the selected sites was found to be suitable for a
surface repository, two, for atunnel repository, and the
remaining two sites were appropriate for either type of
repository, surface or tunnel. The main geological char-
acteristics of the sites are summarized in Table 20.2.

In accordance with the practice from previous stepsin
this procedure, the results were presented to the public.
The presentation was not successful and has provoked
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strong disapproval within the local communities. Their
representatives declared that waste disposal in the vicin-
ity of their communities was not acceptable. It was evi-
dent that public acceptance of the candidate locations
could not be achieved. Therefore, it was impossible to
proceed to the fourth step in which the most suitable
locations could be verified and approved by the experts.
The project was stopped.

20.3 Dip APPLICATION OF GEOLOGICAL CRITERIA
INFLUENCE AN UNSUCCESSFUL SURFACE
REPOSITORY SITE SELECTION?

It is clear the natural site characteristics play an impor-
tant role in the selection process for a radioactive waste

Table 20.2. The main gelogical characteristics of the sites.

Sitel Site 2 Site 3 Site4 Site5

Main Geological Surface Tunnel Tunnel Surface or Surface or
Characteristics Repository Repository Repository Tunnel Repository Tunnel Repository

H Rock Type Sandy marl Sandy marl Sandy marl Marl Marl
Permeability (m/s) 10°-101 10°-1011 10°-101 1011<K <10° 10M<K <10

© Relative Porosity (%) 22 22 22 20-33 20-33

S | Thickness of Layer (m) 300-400 300-400 300-400 50-400 50-400
Areal extent of Rock 11 332 104 19 28

T
Mass (ha)
Angle of Slope (°) 10-20 5-20 5-20 10-15 10-20
Erodibility (mm/300 yrs.)4.2-5.4 3.2-75 6.4-8.6 5.4-6.4 4.2

R | Point Load Index | 0.87-1.94 0.87-1.94 0.87-1.94 0.09-0.31 0.09-0.31
(50) MN/m?

© Unconfined Compres-  17.17-42.71 17.17-42.71 17.17-42.71 1.99-6.73 1.99-6.73

c sive Strength (MPa)
Q=221

K | Natural Volume 20.95 20.95 20.95 18.22-19.43 18.22-19.43
Weight (KN/n)

Distance from Active 34 34 34 3-4.6 3-4.6

Faults (km)

Max. Expected Horizontal 190 190 190 250 250

AccelerationinaTime

Period of 1000 years (cm/s?)

Max. Expected Local 8 7-8 7-8 8 8

Intensivity in a Time Period
of 1000 years (MCS)
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repository site, and that a site within an appropriate geo-
logical environment is, to a great extent, based on geo-
logical conditions.

But geological criteria, applied to the process of select-
ing a surface repository site in Slovenia, used only prop-
erties of the geological barrier and took no account of
the other two barriers, i.e., conditioned waste and engi-
neered barriers. In other words, the objective of finding
asdite for a surface repository wasto find a location with
geological properties (natural geological bariers),
where engineered barriers would not necessarily be
used to achieve the safety standards. Thiswas certain-
ly the most economic way for repository construction,
but on the other hand, the site selection was exception-
aly difficult.

The siting process applied highly quantitative exclu-
sionary or preference geological criteria, i.e., geological
criteria were stated with numerical values of the geo-
logical parameters, that made the whole siting process
very inflexible. Some geological criteria, according to
their “importance” (according to the size of the exclud-
ed areas in surface repository site selection) are present-
ed and described in the following.

The criterion of “active faults” as a single tectonic
exclusionary criterion has eliminated 97% of Slovenia
for the purpose of siting arepository. To meet this cri-
terion, areas located in the vicinity of a known active
fault at a distance up to three km were unsuitable.

Considering the same criterion in the second step, i.e.,
presence and vicinity of active faults, acceptable areas
from the first step ranged over the following distances:

» Unsuitable sites, where the site was to be located on,
or near afault, at adistance up to 3 km;

* Lesssuitable sites, where the distance from the fault
is3to 8 km; and

» Suitable sites, where the distance is greater than 8
km.

It should be noted that up to the third step, the work
included office work only, and no site investigations
were performed to confirm activity of the faults.

Although Slovenialiesin a seismic territory, and tec-
tonic causes of seismic activity, i.e. surface faults, are
distributed all over Slovenia, there is a basic question
(that could be discussed) whether the application of a
uniform step-off distance is a matter of policy rather
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than being grounded on technical principles. Without
detailed site investigations, it is difficult to select suit-
able locations, and the geological properties of specific
sites must first be confirmed through field investiga-
tions.

According to the criterion for “Active faults’, the
WAMAP mission® recommended that at an early stage,
it isimportant to decide on the definition for an active
fault and the significance that rock structure could have
on the integrity of arepository over its 300-year assess-
ment period. It isnecessary to have asingle representa-
tive data base, or set of maps, supporting the interpreta-
tion and application of this criterion.

A similar situation occurred in the first step in connec-
tion with the “Lithology” criterion, where rocks with a
hydraulic conductivity greater than 10 m/s, a thickness
of layersless than 20 m, and a seismicity where earth-
guake accelerations greater than 0.3 g would be expect-
ed, were recognized as unsuitable. In further analysis,
the Lithology of acceptable areas was compared consid-
ering the preference criteria“ Areal extent of host rock”
and “Thickness of rock mass’, where the area suitabili-
ty increased with extent (greater than 300 x 300 m, i.e.,
9 ha) and layer thickness (more than 20 m). Again, this
site analysis only involved office work. No field inves-
tigations, to confirm exclusive parameters for the rocks,
was made.

In considering the preference criteria“ Site seismicity”,
acceptable areas ranged between unsuitable (where the
expected earthquake accelerations 3, exceeds 0.3 g for
aperiod of 1,000 years), less suitable (g,,,, = 0.15t0 0.3
g) and suitable (a,,, islessthan 0.15 g). The maximum
horizontal ground acceleration for the territory of
Sloveniawas evaluated with a probabilistic seismic haz-
ard analysis.

The mission report® suggested that in general, an appli-
cation of highly quantitative exclusion or site preference
criteria, especially at an early stage of the selection
process, was not recommended.

Quantitative criteria, as applied in the siting process and
as described above, can only be used where quantitative
data are available to justify their use, i.e., data con-
firmed by site investigations. Much of existing techni-
cal dataisregional (non-site specific) and qualitativein
nature as well. Some criteria, used in the first (exclu-
sionary) step simply assume certain site specific data,
which would only be available in the necessary detail
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after a careful site investigation. Such criteria should
therefore be left to the appropriate later steps in reposi-
tory siting®.

It is very important to recognize the uncertaintiesin
understanding the geology during the siting process,
when data are based only on office studies. The actual
site conditions may be significantly different from those
envisaged, and as a result, the site selection process
must remain flexible enough in order to accomodate
unexpected features. More confidence can be placed in
sites selected in alocation where the geological struc-
ture is non- or less complex.

20.4 NEw APPROACHES

According to the fact that the necessity for the final dis-
posal of low and intermediate level radioactive wastesis
growing, the final location of the disposal site should be
selected within the next five to ten years. The existing
wastes are temporarily stored in interim storage facili-
ties located at the Krsko nuclear power plant.

It is obvious that problems concerning final disposal of
LILW should be solved in a satisfactory manner in the
near future. Solutions for this problem are being
searched for in the following directions:

1. Inverification, new estimates and corrections of the
three most exclusionary geological criteria (active
faults, seismicity, and hydrogeological parameters),
but the most important features have been revealed in
the application to sites for final waste disposal.

2. In considering the newest techniques and technolo-
gies that have been developed in disposing of, and
protecting, radwastes in the devel oped countries, and
in reconsidering geological criteriain this new light.

3. Intaking into consideration the possibility of under-
ground waste disposal of LILW in geological struc-
tures, and in this way minimizing the risks arising
from the seismicity and activity of fault zones.

In the analysis of the reasons for failure in the first cam-
paign, it appeared that there was a bad coordination
between experts in the different fields of science. For
example, geologists considered “impervious” rock as
the only suitable rock for a disposal site, regardless of
the possibility of using engineered barriers (such as,
canisters, filling materials, etc.). It iswell known that
over aperiod of 300 years, which is the time necessary
for the radioactivity to decay to normal levels, it is pos-
sible to produce effective engineered barriers.
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Therefore, the requirement for an “impermeable”’ base-
ment beneath the deposit is no longer necessary. On the
contrary, in some repositories, such as Centre de I’ Aube,
a permeable basement is part of the design of the facili-

ty.

The Agency for radioactive waste disposal in Slovenia
has also noted this deficiency from the first campaign.
The new approach was therefore to provide some basic
technology to the experts who don’t have much experi-
ence in dealing with problems of packing and deposi-
tion. Inthisway, the Agency expected to ameliorate the
cooperation of these experts with that of others.

In accordance with this new policy, the Agency has redi-
rected geological experts to review the new technolo-
giesin the field of radwaste disposal in the developed
countries. A series of such reviews have been carried
out in which the first aim has been achieved; the geo-
logical experts of today are well acquainted with the
technological possibilities and requests for construction
of surface, or underground, disposal facilities. In addi-
tion, the Agency has made it possible for some of the
experts to visit existing sites, and to meet other geolo-
gists and experts in other fields of science at interna-
tional conferences. In thisway, our geologists not only
gathered new data, but also established contacts with
colleagues from different European countries,
exchanged opinions and learned new ways of thinking.
It was especially useful for usto learn of unpublished
experiences (both good and bad) that led to the solution
of problems on multinational projects (such as the
underground laboratories at Mol in Belgium, Grimsel in
Switzerland, etc.).

Based on this new knowledge, a set of six possible types
of disposal facilities has been defined for Slovenia,
which include geological and rough technological con-
ditions. They provide a basis for new considerations
and estimations in carrying out campaigns of field
investigations.

The existing criteria from the first campaign have been
thoroughly reexamined. The result isanew approach in
the evaluation of the exclusionary criteria. The philoso-
phy has changed; the elimination of asite or aregion on
the basis of a certain criterion should be based on direct
or indirect evidence.

There is another novelty in our way of thinking; we no
longer look for the geologically best location, but for all
acceptable locations. In this way, these locations are
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also available for analysis using other necessary criteria.
We no longer have criteriafor site selections or the elim-
ination of territories, but guidelines that can give us an
indication of possible problems. This approach does not
limit our decisions in advance, and thus enables a more
flexible treatment of the site selection process.

Since the site selection process for a surface repository
has been stopped, this new approach is more likely to
gain public acceptance by disposing of radioactive
wastes in an underground facility.

The expansion of the site selection program to include
an underground disposal facility gives us another possi-
bility, and is the result of the new approach over the last
few years. New geologica guidelines for underground
low and intermediate level waste disposal have been
made and revised, and on this basis, new geological
guidelines for surface disposal of LILW have also been
remade.

Since some geological criteria are more important and
can be more applicable to underground than to surface
repository site selection (or vice versa), the proposed
criteriadiffer, in many respects, from those for surface
site selection. With regard to seismicity for example,
underground structures are less susceptible to seismic
disturbances than surface structures due to the fact that
effects from earthquakes diminish with depth. Different
transport pathways for radionuclide migration through
groundwater to the biosphere should be considered in
both site selection processes as well.

By placing the disposal system underground in rock
means, on the one hand, having the possibility to mini-
mize the influence of the most selective criteriaused for
a surface repository; and on the other hand, providing an
underground disposal facility that, hopefully, would be
more acceptabl e to the public.

The new proposed guidelines for underground LI1LW
disposal consist of the following main parameters. (We
are presenting them here to show the differences with
the first criteria used in the selection process for a sur-
face site.)

» Geological rock structure
- volume
- smplicity

 Lithology

» Hydrogeological conditions
- permeability
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- hydraulic gradient
* Migration
- geochemical properties of rock and soil
- geochemical properties of groundwater
» Active endogenetic processes
- seismicity
- recent fault movements
- volcanoes
* Rock disturbance
- human reasons
- natura reasons
» Potential resources
- vaue
- genesis
- technology
» Geomorphologic stability
- surface stability
- water degradation processes
- extreme climates
» Geomechanical conditions

The Agency for radwaste disposal, being responsible for
the site selection process in Slovenia, will have to use
this new approach and also help it to find its way to the
public. Reports of al studies made are available in the
Central Technical Library, and summaries of these stud-
ies are translated into English. This enables all con-
cerned to be kept informed about the dangers, scientific
approaches, and other work done on prevention and on
site location for a disposal facility.
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